9l 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP1 167 488 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) tr<~ 



(43) Date of publication: 

02.01.2002 Bulletin 2002/01 

(21) Application number. 00961101.3 

(22) Date of filing: 20.09.2000 



(84) Designated Contracting States: . 
AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
NIC NL PT SE 

(30) Priority. 21.09.1999 JP 26746099 

(71) Applicant: IDEMITSU KOSAN COMPANY LIMITED 
Tokyo 100-0005 (JP) 



(51) mtci7: C09K 11/06, H05B 33/14 

(86) International application number: 
PCT/JP00/06402 

(87) International publication number: 
WO 01/21729 (29.03.2001 Gazette 2001A13) 



HIGASHI, Hlsahlro 
Sodegaura-shi, Chiba 299-0205 (JP) 
. FUKUOKA, Kenichi 

Sodegaura-shl, Chiba 299-0205 (JP) 
. IKEDA, Hidetsugu 
Sodegaura-shl, Chiba 299-0205 (JP) 

(74) Representative: 

Gille Hrabal Struck Neldlein Prop Roos 
Patentanwalte, Brucknerstrasse 20 
40593 Dusseldorf (DE) 




(57) An organic electroluminescence device which 

ixh b»s excellent heat resistance, a long life and a high 

efficiency and emits bluish light and an organic hght 

emS medium advantageously used for the organic 

electroluminescence device are prov.ded. 

Theorganicelectroluminescencedev,cecompnses 



a layer of an organic light emitting medium whic . <J 
nosed between a pair of electrodes and compnses (A) 
a mono dt, tri . P or tetrastyry. derivative contam.ng 
amTne and (B an anthracene derivative having a spe- 
cm^tructure The organic light emitting med.um com- 
prises components (A) and (B). 
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[0002] Electroluminescence devices whirh ..tii™ ♦ , 

end urn. pflm.ry eel.,. „ e mi n.d C °" Sump, " m ° f «"«'« P™»r « em.ll, wan., «gnt .„*.,„„ ^™f* 

properties are obtained. ' ' S the actual P resent situation that no devices having satisfactory 

cordance with this technology, for example the luminal! La ' d '° pen No - He 'sei 11(1999)-37B2. However in ac 

tTcnnT*^"^^ 
f ^^^ymwhichasinglebisanthracenecompoundisuserirelV v ■ ' S " 0t PraCtiCa "V useful - A ™her 

n Japanese Patent Application Laid-Open No. H^mS^l^l " flM '"M" 9 material has been disclosed 
the efficiency is as small as 1 to 3 cd/A and further imorovelnn h , ' accordan <* with this technology 
having a long life in which a distyryl compound is u^7 a ?t h ^ ' 0r praCtical use An «B«ilc EL device 

honaHv used has been ^JZuZZTpZ^ ^Z^X^l?"'™ famine is ad" 
a half-life of about 1000 hours and further improvement fe ErS P ' 94 ' 6157 H ° WeVer > this devi <* has 
DISCLOSURE OF THE [NVENTION 

medium advantageously used for'the organic EL device * »** "*« and an emtng 

when in ^Z?2£ZZX^*±^ to achieve the above object, it was found that 
amine and a specific anthracene derive, rorg^S 

« d.sposed between a pair of electrodes exhibits , ^ com P risin 9 this light emitting medium 



2 




light emitting medium which is disposed between the pair of electrodes and comprises (A) at least one compound 
selected from the group consisting of monostyryl derivatives containing amine, distyryl derivatives containing amine, 
tristyryl derivatives containing amine and tetrastyryl derivatives containing amine and (B) at least one compound se- 
lected from the group consisting of anthracene derivatives represented by general formula (I): 

5 

A 1 -L-A 2 (I) 

wherein A 1 and A 2 each represent a substituted or unsubstituted monophenylanthryl group or a substituted or unsub- 
10 stituted diphenylanthryl group and may be the same with or different from each other and L represents a single bond 
or a divalent linking group; and anthracene derivatives represented by general formula (II): 



15 



20 



A 3 -An -A 4 (II) 

wherein An represents a substituted or unsubstituted divalent anthracene residue group, A 3 and A 4 each represent a 
substituted or unsubstituted monovalent condensed aromatic ring group or a substituted or unsubstituted non-con- 
densed ring aryl group having 12 or more carbon atoms and may be the same with or different from each other. 
[0011] The present invention also provides an organic light emitting medium which comprises (A) at least one com- 
pound selected from the group consisting of monostyryl derivatives containing amine, distyryl derivatives containing 
amine, tristyryl derivatives containing amine and tetrastyryl derivatives containing amine and (B) at least one compound 
selected from the group consisting of anthracene derivatives represented by general formula (I) shown above and 
anthracene derivatives represented by general formula (II) shown above. 

25 THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

[0012] The organic EL device of the present invention has a structure comprising a pair of electrode and a layer of 
an organic light emitting medium disposed between the pair of electrode. 

[0013] In the present invention, a combination of (A) a styryl derivative containing amine and (B) an anthracene 
derivative having a specific structure is used for the above layer of an organic light emitting medium. 
[0014] The styryl derivative containing amine of component (A) is at least one compound selected from the group 
consisting of monostyryl derivatives containing amine, distyryl derivatives containing amine, tristyryl derivatives con- 
taining amine and tetrastyryl derivatives containing amine. 

[0015] In the present invention, a compound having one styryl or styrylene group in the molecule is referred to as a 
monostyryl derivative, a compound having two styryl or styrylene groups in the molecule is referred to as a distyryl 
derivative, a compound having three styryl or styrylene groups in the molecule is referred to as a tristyryl derivative 
and a compound having four styryl or styrylene groups in the molecule is referred to as a tetrastyryl derivative. These 
compounds in general are referred to as styryl derivatives. The styryl group and the styrylene group mean a monovalent 
group and a divalent group, respectively, in which substituted or unsubstituted vinyl group is directly bonded to an 
aromatic ring group. The derivative containing amine means a derivative which contains at least one amino group in 
the molecule. 

[0016] Examples of the styryl derivative containing amine of component (A) include styryl derivatives containing 
amine represented by general formula (III): 
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Ar' 

Arl -K ). • • ■ aw 

\Ar5 



•Ar5 

wherein Ar 3 , Ar 4 and Ar 5 each independently represent a substituted or unsubstituted aromatic group having 6 to 40 
carbon atoms, at least one of the groups represented by Ar 3 , Ar 4 and Ar 5 contains styryl group, g represents an integer 
of 1 to 4 and a total number of styryl group is 1 to 4; and styryl derivatives containing amine represented by general 
formula (IV): 
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A nJW^,. . . _ (iy) 
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group having 6 to 40 carbon atoms, SSS r^ " U « uted monovalent aromatic 
aromatic group having 6 to 40 carbon atoms a, lea^t on of the Z 1 P * Subs,itu,ed or ""substituted divalent 
or styry.ene group, h and K each represent an lger of 0 o 2 T^ST" * " * C ° mainS Styryl 9 ™P 
number of styryl group and styrylene group is 1 to 4 J re P rese "t an integer of 1 or 2 and a total 

vaSaro™^^ 

the above genera, formulae",,,) and m ncS TlT^TS »*• ^ Ar? ' * or 
PVreny, group, corony, group b/p heny XtajSZ?? 9r ° Up ' f*—*^ 

«enyl group, indolyl group and carbazolyl group * 9 P ' ^ 9r ° Up ' furan >" 9 rou P' thi ^yl group, benzoth 

group.coronylenegroup.biphenylenegroup.terphen^^^^^ 

group. When Ar3 in the above general formu a (CjSZ^TET T"' thieny,6ne 9r ° Up and fll «>™y,ene 
pies of the group having a functionality of three o TrSeMnlde »S 9 3 fUnCt,0nalit y ° f three °' greater, exam- 

ylenes, tristy,ylarylenes and tetrastyrylarylenes 9r ° UpS derived from stilt >ane, distyrylar- 

^ caZX^^^^^ r^'r °' ^ ■*«"* >— • - W ^oups having 

groups havi 5 t0 , 8 carboTaLs^^^^ h "*" 1 "> 6 ca *°" aryS 

ary. groups having 5 to 16 carbon atoms, nitro group cyano qrouo eS tt?° ■?' am ' n ° 9r ° UpS substitu ^ with 
halogen atoms. a p ' cyano 9 rou P' ester groups having 1 to 6 carbon atoms and 

[0022] Examples of the alkyl group havina 1 to fi ™>,+,„„ , 

^propy,group,buty,group,isobuty,grou^ sVZ^TZ^Z!^ 9 ™ P - ethyl ^ 9roup, 

types of hexyl groups. Examp.es ^fiJ^^^^S^^^^^^^ 

thyloxy group. Examp.es of the La.xy.oxy Zp ^noJ^T^^T ^T* 9 ™ P atld ™^ 

group and naphthylmethoxy group Examoles of the LmiL ° t0mS lnclude benz W°*y group, phenetyloxy 

atoms incude d.pheny.amin^groj, .^S^J^XiS^ "* 9r ° UPS haVi " 9 5 t0 16 
amp.es of the ester having t to 6 carbon atoms inclZZeZ^Z^r^ "^'^^o group. Ex- 
group and isopropoxycarbonyl group. Examples of the ? ? P ' ethox y cart >°nyl group, propoxycarbonyl 
atom. The ary, group in the ILS^^uSS^SS^^ "T™ M * anM ™ 
group and styrylnaphthy, group. alkenylaryl groups such as styrylphenyl group, styrylbipheny, 

SS^^^' "* ^ **— «*» - component (A, may be used s,g,y or ,n 

sented by general formula (I): P 6d ,r0m the 9rou P insisting of anthracene derivatives repre- 
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A 1 -L-A 2 



(I) 



10 



wherein A 1 and A 2 each represent a substituted or unsubstituted monophenylanthryl group or a substituted or unsub- 
stituted diphenylanthryl group and may be the same with or different from each other and L represents a single bond 
or a divalent linking group; and anthracene derivatives represented by general formula (II): 



A 3 -An-A 4 



0") 



wherein An represents a substituted or unsubstituted divalent anthracene residue group, A 3 and A 4 each represent a 
substituted or unsubstituted monovalent condensed aromatic ring group or a substituted or unsubstituted non-con- 
densed ring aryl group having 12 or more carbon atoms and may be the same with or different from each other. 
[0026] When any of the groups in general formulae (I) and (II) shown above has a substituent, examples of the 
substituent include the same groups and atoms which are described above as the examples of the substituent in 
general formulae (III) and (IV). 

[0027] Preferable examples of the anthracene derivative represented by general formula (I) include anthracene de- 
rivatives represented by general formula (l-a): 
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(R 4 ) b 



(I-a) 
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wherein R 1 to R 10 each independently represent hydrogen atom, an alkyl group, a cycloalkyl group, an aryl group 
which may be substituted, an alkoxy group, an aryloxy group, an alkylamino group, arylamino group or a heterocyclic 
group which may be substituted; a and b each represent an integer of 1 to 5; when any of a and b represents an integer 
of 2 or greater, a plurality of R 1 or R 2 may be the same with or different from each other and a plurality of R 1 or R 2 may 
be bonded to each other to form a ring; R 3 and R 4 , R 5 and R 6 , R 7 and R 8 , and R 9 and R 10 may be bonded to each 
other to form rings; and L 1 represents a single bond, -O-, -S-, -N(R)- or an arylene group, R representing an alkyl group 
or an aryl group which may be substituted; and anthracene derivatives represented by general formula (l-b): 
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wSL^ -Ky. group , a group , an ary| 

group which may be substituted; c," e an feacS^mZ SlZ^ fTT " arylam ' n ° 9r ° Up ° ra Acyclic 
an .nteger of 2 or greater, a plurality of R« R12 r! o S ' ma J h T 5 i When any ° f °' d ' 9 and f presents 
p.urality of Rii, R12, R i6 or R17 J be ^ ■ R ™* be ' he sa ™ wrth or different from eaoh other and a 

bonded to each otherto form rings; L 2 represents a Jn Q lebnni n « "I? * ^ and R18 and R19 ™V be 
Sf " ^ a °" 9r0UP Which "^HSlSf ' ' " N(R> " ° r an 9rylene 9 ™ p ' R representing 

UJ ^ CXntS^^^^^- 9 ™ p -ich is substituted or unsubstituted. 
ampies of the alkyi group include alkyfgrSps havPng XXn 2? ''"I ^ ( '" b) *°" n abWe ' preferab,e ~ 
-nclude cycloalkyl group having 3 to 6 carbon atoms nrlflhJ 7' Preferab ' 6 eXamples of ,he c y cl ° a 'M group 
5 to 18 carbon atoms, preferable m^^JS^S^ V" "* ^ "* <W 

preferable examples of the aryloxy group ^211 f ° XV 9r ° UPS haVing 1 ,0 6 cart >°" 

of the arylamino group include amino gro'upsubs^ 1 * Carbon atoms ' Parable examples 

xxxr h ~ w inc - e «~ 

Sno^a^ 

having s lo ,8 carbon Moms. ™ ana aaampl.s of ma aryl group include aryl groups 
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Ar 1 -An-Ar 2 

(H-a) 

P«~^ residue group and Ar 1 and Ar 2 each inde- 

anthracene, pyrene, perylene, coronene, chrysane p^TZT^l^ ?T? ^ naphthalen *. Phenanthrene, 
carbazole, N-arylcarbazole, tnphenylene, rubicene Znzo^lZt' * d,phen >" anth 'acene, biphenyl, N-alkyl- 
[0032] When any of the groups represented by An ZZTrt I 2 d,benzoanthrac ^e. 
uent, examples of the subshtuent includ Se same arCuos an^t 9ene / a ' ' 0rmu,a <"- a > show " a "°ve has a substit- 
the substituent in general formulae (III) and (1^ * ^ d6SCribed above as the ««nples of 
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(Me: methyl group; the same in the following formulae) 
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EM5 



Me Me 



EMS 




EM7 
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[0035] Specific examples of the anthracene derivative represented by general formula (l-b) are shown in the following. 
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[0036] specific examples of the anthracene derivative represented by genera, formu.a (Us 
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-<0)-CH=CH-^g) 
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-<g)-CH=CH-^g) 
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EM39 




EM40 




EU41 




<0>- CH = 



EM42 





EM43 





17 



EP 1 167 488 A1 



EN44 



EM45 



1& © 



EM46 




6 





18 



EP1 167 488 A1 



EM49 



10 



15 



20 



25 






EM50 




EM51 




30 



35 .w„h ic presented by general formula (IV) are 

[00 38, Specific examp.es of the styry- amative containing am.ne wn^h ■ represent 



shown in the following. 
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EM61 




. < >hi> ctuivl derivative containing amine 
r0 0391 in the present invention, it is advantageous that J^J^S^JSSln accordance with the types 

amounts are selected so that the Irfe and the efhc.ency ol tne o component (A) and component (B) 

"he device can also be decreased by ^J^S^^^i^ W t0 C ° mP ° nent (B) ' S 7 Tn the 
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Zln h0 ' etrans P 0rtifl 9 'ayer, an electron injecting layer mte ™«**e layer include a hole injecting 
organ c and inorganic compounds can be used for !£ avers Unsporting layer, it is known that various 9 

[0045, Ty pi ca, examples of the construction of the organT^ device include: 

g A A ; Zf' a l 9 " emi " in 9 medium layer/a cathode; 

(4) An anode /a hole ttiZ^J**" la V-/ a cathode; 

mils light is the substrate which suppose oraanfcELrif ' T Whfeh UanSmitS ^ The substrate which trans 

SSf p0l>,M,o " c ■ WW""*™ »™pntr,al al . resins, pcVama, 

ln-Zn.0. The .noa. cap p. prepay °, Z ZT "f " °"' TO C ™*™ »" <»*•>, %S 

MP a prcc« 5 „ch as ,». »»PP, «»„7 ^ "p Z < * olro0 « ™"™ aP»» In £poS,p£ 

K=p,r^ 

? '^fi 0 * " "«-*« iKL^i,' 5 ■ l!0 .'>" !fe '""«« •» shea. ™Sy 

.ght emitting medium layer and a layer of a metal htZT . ? °" ,he SUrface of ,he a "°°e * the side of he 
the side of the light emitting mediu* Haver Due SSL h I" 613 ' ° Xide is disposed ° n the surface of the cathode S 
[0053] Preferabie exampL of the Soge'de SSS^R 2f? ^ Can be im P™ d 
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component (A) and component (B) described above and the above intermediate layers such as the hole injecting layer, 
the hole transporting layer and the electron injecting layer can be omitted. In this case, the surface layers may be 
disposed. It is preferable that the surface layers are disposed. 

[0055] In the organic EL device of the present invention, it is preferable that a mixed region of an electron transmitting 
5 compound and a reducing dopant or a mixed region of a hole transmitting compound and a oxidizing dopant is disposed 
on the surface of at least one of the pair of electrodes prepared as described above. Due to the mixed region disposed 
on the surface of the pair of electrodes, the electron transmitting compound is reduced to form an anion and injection 
and transportation of electrons from the mixed region into the light emitting medium can be facilitated. The hole trans- 
mitting compound is oxidized to form a cation and injection and transportation of holes from the mixed region into the 
10 light emitting medium is facilitated. Preferable examples of the oxidizing dopant include various types of Lewis acid 
and acceptor compounds. Preferable examples of the reducing dopant include alkali metals, compounds of alkali met- 
als, alkaline earth metals, rare earth metals and compounds of these metals. 

[0056] In the organic EL device of the present invention, the light emitting medium layer has the following functions: 

is (1) The injecting function: the function of injecting holes from the anode or the hole injecting layer and injecting 

electrons from the cathode or the electron injecting layer when an electric field is applied; 

(2) The transporting function: the function of transporting injected charges (electrons and holes) by the force of 
the electric field; and 

(3) The light emitting function: the function of providing the field for recombination of electrons and holes and 
20 leading the recombination to the emission of light. 

[0057] As the process for forming the light emitting medium layer, a conventional process such as the vapor deposition 
process, the spin coating process and the LB process can be used. It is particularly preferable that the light emitting 
medium layer is a molecular deposit film. The molecular deposit film is a thin film formed by deposition of a material 
25 compound in the gas phase or a thin film formed by solidification of a material compound in a solution or in the liquid 
phase. In general, the molecular deposit film can be distinguished from the thin film formed in accordance with the LB 
process (the molecular accumulation film) based on the differences in the aggregation structure and higher order 
structures and functional differences caused by these structural differences. 

[0058] As disclosed in Japanese Patent Application Laid-Open No. Showa57(1 982)-51 781 , the light emitting medium 
30 layer can also be formed by dissolving a binder such as a resin and the material compounds into a solvent to prepare 
a solution, followed by forming a thin film from the prepared solution in accordance with the spin coating process or 
the like. 

[0059] In the present invention, where desired, conventional light emitting media other than component (A) and 
component (B) described above may be comprised in the light emitting medium layer or a light emitting medium layer 

35 comprising other conventional light emitting media may be laminated to the light emitting medium layer comprising the 
compounds described in the present invention as long as the object of the present invention is not adversely affected. 
[0060] The hole injecting and transporting layer is a layer which helps injection of holes into the light emitting medium 
layer and transports the holes to the light emitting region. The layer exhibits a great mobility of holes and, in general, 
has an ionization energy as small as 5.5 eV or smaller. For the hole injecting and transporting layer, a material which 

40 transports holes to the light emitting medium layer at a smaller electric field strength is preferable. A material which 
exhibits, for example, a mobility of holes of at least 10" 6 cm 2 /V-sec under application of an electric field of 10 4 to 10 6 
V/cm is more preferable. A material can be selected from materials which are conventionally used as the charge 
transporting material of holes in photoconductive materials and conventional materials which are used for the hole 
injecting layer in organic EL devices and used as the hole injecting and transporting material. 

45 [0061] To form the hole injecting and transporting layer, a thin film may be formed from a hole injecting and trans- 
porting material in accordance with a conventional process such as the vacuum vapor deposition process, the spin 
coating process, the casting process and the LB process. The thickness of the hole injecting and transporting layer is 
not particularly limited. In general, the thickness is 5 nm to 5 um 

[0062] The electron injection layer is a layer which helps injection of electrons into the light emitting medium layer 
so and exhibits a great mobility of electrons. The adhesion improving layer is an electron injecting layer made of a material 
exhibiting excellent adhesion with the cathode. As the material for the electron injecting layer, metal complexes of 
8-hydroxyquinoline and derivatives thereof are preferably used. Specific examples of the metal complexes of 8-hy- 
droxyquinoline and derivatives thereof include metal chelates of oxinoid compounds including chelates of oxine (in 
general, 8-quinolinol or 8-hydroxyquino!ine). For example, tris(8-quinolinol)aluminum can be used as the electron in- 
55 jecting material. 

[0063] To prepare the organic EL device of the present invention, for example, the anode, the light emitting medium 
layer and, where necessary, the hole injecting layer and the electron injecting layer are formed in accordance with the 
above process using the above materials and the cathode is formed in the last step. The organic EL device may be 



23 



10 



15 



20 



25 



30 



35 



40 



45 



EP 1 167 488 A1 

process, the spin coating process, the casting Sss oMhlTp acco ^ance with the vacuum vapor deposition 
deposit™ process is preferab.e because a ZomZ can be ea^T • "h deSCnb6d The — vap or 

holes « smali. When the hole injecting .ayer is ZS^J£! ' 8nd the possibi,i * ° f 'ormaUon of pin 

genera,, ft „ preferable that ^ condil L^J^S^J? the V8CUUm va P° r deposition process' n 

of he deposits: 50 to 450-C; the vacuum: 10-7 to 0 3 Si Jhe ! / h 9 ran96S: ,he te(T «re of the sou ce 

emftting medium described int^S S t on°aTn ZTuT '"T" 9 ^ ^ ^ ^ •» iight 
accordance with the vacuum vapor deposition process the ° r9an ' C " 9ht emittin 9 medium be formed in 

process and the formed thin film is used "tJJSXS s P utte " n 9 P^ess, the spin coating process orthecastin" 
preferable because a uniform fi,m c^ o^^ZT™ T " ^position process 
the haht emftting medium layer is formed in aiordance wfth h P °' f0rmati0n 0f P in h ° le * * small When 

condftions of the vacuum vapor deposition p^S 'be L^TT V8P ° r depOSition P rocess . 'n general the 
vacuum vapor deposition of the ho. injecting a5nou Q h th t ** ^ ™ 9eS as those Ascribed for the 

ke " * p rr e that the thickness is ^ X to sr 0 " are dWerent depending ° n »• — 

S^n " 9ht emittin9 medium laver - Vaporcle P 0Siti0 " °f the hole injecting 

^^J^Z^SS^^ ^ a " «** - — can be obtained The 
process, it is preferab.e that the vacuum C^r^r^^^^^^SJJ 
,O r; h 0r9 K niC ' ayerS dUrin9 ,he f °rrnation of the fftm ' S USed " T«» prevent Nation of damages 

cathoe^ 

[0070] The electroluminescence device wh Scan be nrl ! P ' 3 VaCUUm after bein 9 evacuated, 
voftage of 3 to 40 V in the condition that the ^?£S^JZ£^ " b0We M U ^ b * a direct 

to a ^negahve electrode (-). When the connect* 'is ^^^^^^^^^^^^eaS 
all. When an alternating voftage is applied to the e Zr^Z , * ° bServed and n ° »9ht is emitted at 

coition that the polarity of the anode is poitiv aTd 2 Zl^V^ emission 18 ° bse ™C only in the 

ssr "iK^tss f l ^ t trr fe ne9ative - when a - ~ 

the present invention is no, limited to the examptes ' ^ referenCe t0 exam P |es ». following . However, 
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(Ant-1) 



(t-Bu: t-butyl group) 




[0074] On a glass plate having a size of 25x75x1.1 mm, a transparent electrode. made of indium tin oxide and 
having a thickness of 120 nm was formed. After the glass substrate was irradiated with ultraviolet light, exposed to 
ozone and washed, the glass substrate was placed in a vacuum vapor deposition apparatus. 

[0075] In the first step, TPD107 was vapor deposited so that a layer having a thickness of 60 nm was formed and 
TPD78 was vapor deposited so that a layer having a thickness of 20 nm was formed on the layer of TPD107. Then, 
Ant-1 and PAVB were simultaneously vapor deposited on the formed layers in amounts such that the ratio by weight 
of Ant-1 and PAVB was 40:3 and a light emitting medium layer having a thickness of 30 nm was formed. 
[0076] Alq (an aluminum complex of 8-hydroxyquinoline) was vapor deposited so that a layer having a thickness of 
20 nm was formed on the formed light emitting medium layer. The layers of TPD1 07, TPD78, Ant-1 /PAVB and Alq were 
the hole injecting layer the hole transporting layer, the light emitting medium layer and the electron injecting layer, 
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respectively. 

ayers of LiF and A. worked as the cathode An oraanic PL 1 °' 10 ° " m Was ,ormed °" »e layer of LiF TTie 

* I0078J The devfce was tested by passtg an e eotr c ^tV'**, ^*"" above - 

LwifounV^ 
'° Examples 2 to 16 

component (B) shown in Tab,e 9 1 in J^S^ES?" 3 °' ™ ™* * -mp^nTof 

t0081] The properties of the obtained organic EL devices are shown in Tab.e 1 . 

- Table 1 - 1 



Organic light emitting medium layer 
component (A) 



Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Example 8 
Example 9 
Example 1 0 
Example 11 
Example 12 
Example 13 
Example 14 
Example 15 
Example 16 



EM43 

EM44 

EM50 

EM51 

EM43 

EM44 

EM50 

EM51 

EM32 

EM36 

EM39 

EM39 

EM44 

EM52 

EM53 



component (B) 



EM22 

EM22 

EM25 

EM28 

EM2 

EM4 

EM7 

EM9 

EM27 

EM27 

EM27 

EM7 

EM7 

EM7 

EM7 



(A):(B) (ratio by 
weight) 



3:40 

3:30 

6:30 

8:40 

2:40 

3:20 

4:30 

2:98 

3:40 

3:30 

6:30 

8:40 

2:40 

2:98 

2:40 



Voltage (V) 



6 
6 
6 
6 

6 

6 

6 

6 

6 

6 

6 



6 
6 



Current density (mA/ 
cm 2 ) 



4.25 

3.79 

6.25 

7.02 

3.80 

4.90 

5.20 

7.20 

6.20 

7.50 

6.50 

7.48 

4.92 

5.64 

3.82 



Luminance (cd/m 2 ) 



Example 2 


410 


Example 3 


390 


Example 4 


550 


Example 5 


620 


Example 6 


430 


Example 7 


510 


Example 8 


490 


Example 9 


650 


Example 1 0 


480 


Example 11 


650 


Example 12 


600 


Example 13 


810 



Efficiency (cd/A) 



Table 1 - 2 



9.6 
10.2 

8.8 

8.8 
11.3 
10.4 

9.4 
9.0 
7.7 
8.7 
9.2 
10.8 



HalMife under driving at constant current of 10 mA/cm 2 
(hour) 



1350 
1400 
850 
1100 
2100 
2400 
1800 
1300 
1100 
920 
870 
2200 
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Table 1 - 2 (continued) 





Luminance (cd/m 2 ) 


Efficiency (cd/A) 


Half-life under driving at constant current of 10 mA/cm 2 
(hour) 


Example 14 


650 


13.2 


2100 


Example 15 


600 


10.6 


1900 


Example 16 


430 


11.3 


1400 



10 



Example 17 

[0082] A device was prepared in accordance with the same procedures as those conducted in Example 1 except 
that a mixed layer composed of EM43 and EM2 in amounts such that the ratio by weight of EM43 to EM2 was 3:30 
was used as the light emitting medium layer and layers of Alq:Cs and Al were used as the cathode in place of layers 
of LiF and Al. The layer of Alq:Cs was a layer of a mixture of Alq which was an electron transmitting compound and 
Cs metal which was a reducing dopant in amounts such that the ratio by mole of Alq to Cs was 1 :1 . Blue light emission 
of 120 cd/m 2 was obtained at a voltage of 4.5 V and a current density of 1 .03 mA/cm 2 . The light emission could be 
achieved at a small applied voltage. The efficiency was as high as 1 1 .7 cd/A. The half-life under driving at a constant 
current of 1 0 mA/cm 2 was 2200 hours. 

Example 18 
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[0083] An organic EL device was prepared in accordance with the same procedures as those conducted in Example 
1 except that EM37 and EM21 were used as component (A) and component (B), respectively, of the light emitting 
medium layer in amounts such that the ratio by weight of EM37 to EM21 was 2:3. An electric current of 3.25 mA/cm 2 
was obtained at a voltage of 5 V and blue light was emitted at an efficiency of 4.9 cd/A. The device was tested by 
continuously passing direct current at a current density of 1 0 mA/cm 2 and the halMif e was found to be as long as 3200 
hours. The applied voltage could be further decreased by increasing the amount of component (A). 

Comparative Example 1 

[0084] An organic EL device was prepared in accordance with the same procedures as those conducted in Example 
1 except that PAVB which was a styryl derivative containing amine was not vacuum vapor deposited simultaneously. 
[0085] The properties of the prepared device was evaluated. A current of 0.8 mA/cm 2 was passed at a voltage of 5 
V but the luminance was as low as 22 cd/m 2 . The efficiency was 2.75 cd/A. Therefore, the efficiency obtained in 
Example 1 was 3.8 times as high as that obtained in Comparative Example 1 . The device was tested by continuously 
passing direct current at a current density of 10 mA/cm 2 and the half-life was found to be as short as 200 hours. 
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INDUSTRIAL APPLICABILITY 

[0086] In accordance with the present invention, an organic EL device exhibiting excellent heat resistance, a long 
life and a high efficiency and emitting blue light can be provided. 

[0087] The organic EL device can be advantageously used as the light emitting device in various types of display 
apparatuses. 



Claims 



50 



An organic electroluminescence device which comprises a pair of electrodes and a layer of an organic light emitting 
medium which is disposed between the pair of electrodes and comprises (A) at least one compound selected from 
the group consisting of monostyryl derivatives containing amine, distyryl derivatives containing amine, tristyryl 
derivatives containing amine and tetrastyryl derivatives containing amine and (B) at least one compound selected 
from the group consisting of anthracene derivatives represented by general formula (I): 



55 



A 1 -L-A 2 



(I) 



wherein A 1 and A 2 each represent a substituted or unsubstituted monophenylanthryl group or a substituted or 
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A 3 -An-A 4 




«°nryr;j^ 

an Integer of 2 or greater, a plurality of Rtor R?m.v Sre. mle 9ef of 1 ro 5; when any ot a and b repreeenls 
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wherein R 11 to R 20 each independently represent hydrogen atom, an alkyl group, a cycloalkyl group, an aryl group, 
an alkoxy group, an aryloxy group, an alkylamino group, an arylamino group or a heterocyclic group which may 
be substituted; c, d, e and f each represent an integer of 1 to 5; when any of c, d, e and f represents an integer of 
2 or greater, a plurality of R 11 , R 12 , R 16 or R 17 may be the same with or different from each other and a plurality 
of R 11 , R 12 , R 16 or R 17 may be bonded to each other to form a ring; R 13 and R 14 , and R 18 and R 19 may be bonded 
to each other to form rings; L 2 represents a single bond, -O-, -S-, -N(R)- or an arylene group, R representing an 
alkyl group or an aryl group which may be substituted. 

An organic electroluminescence device according to Claim 1, wherein the anthracene derivatives represented by 
general formula (II) of component (B) are anthracene derivatives represented by general formula (ll-a): 

Ar 1 -An-Ar 2 (ll-a) 

wherein An represents a substituted or unsubstituted divalent anthracene residue group and Ar 1 and Ar 2 each 
independently represent a substituted or unsubstituted monovalent residue group derived from naphthalene, phen- 
anthrene, anthracene, pyrene, perylene, coronene, chrysene, picene, fluorene, terphenyl, diphenylanthracene, 
biphenyl, N-alkylcarbazole, N-arylcarbazole, triphenylene, rubicene, benzoanthracene or dibenzoanthracene. 

An organic electroluminescence device according to Claim 1 , wherein component (A) is at least one compound 
selected from the group consisting of styryl derivatives containing amine represented by general formula (III): 




(in) 



wherein Ar 3 , Ar 4 and Ar 5 each independently represent a substituted or unsubstituted aromatic group having 6 to 
40 carbon atoms, at least one of the groups represented by Ar 3 , Ar 4 and Ar 5 contains styryl group, g represents 
an integer of 1 to 4 and a total number of styryl group is 1 to 4; and 
styryl derivatives containing amine represented by general formula (IV): 



29 



# 



EP1 167 488 A1 



/ Ar e N _L Ar 8^ N ^ Ar ,o^Y N Af12 j . . . (IV) 

wherein Are, Ar 7, Ar 9 Ar n and Ar12 each independent|y represent a substituted or unsubstituted monovalent ar . 
omatic group having 6 to 40 carbon atoms, Ar* and Ar«> each independently represent a substituted or unsubsti- 
tuted divalent aromatic group having 6 to 40 carbon atoms, at least one of the groups represented by A6 to W 
contains styryl group or styrylene group, h and k each represent an integer of 0 to 2, i and j each represent an 
integer of 1 or 2 and a total number of styryl group and styrylene group is 1 to 4. 

An organic electroluminescence device according to Claim 1 , wherein the layer of an organic light emitting medium 
"oil 7„r' (A) and com P° nent < B > in amou "fc such that a ratio by weight of component (A) to component 

\o) IS ^.9o to 9.'91 . 

An organic electroluminescence device according to Claim 1, wherein a layer of a chalcogenide, a metal halide 
or a metal oxide is disposed on a surface of at least one of the pair of electrodes. 

An organic electroluminescence device according to Claim 1, wherein a mixed region of a reducing dopant and 
an organic compound or a mixed region of an oxidizing dopant and an organic compound is disposed on a surface 
of at least one of the pair of electrodes. 

Cr/IT'r'^^ri" 6 !^" 06 d6ViCe accordin 9 t0 Claim 1 ■ wherein the layer of an organic light emitting medium 
nas a thickness of 10 to 400 nm. 

An organic light emitting medium which comprises (A) at least one compound selected from the group consisting 
of monostyryl derivatives containing amine, distyryl derivatives containing amine, tristyryl derivatives containing 
amine and tetrastyryl derivatives containing amine and (B) at least one compound selected from the group con- 
sisting of anthracene derivatives represented by general formula (I) and anthracene derivatives represented by 
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